Motivated by the recent HERA events which are consistent with a possible leptoquark interpretation, we discuss the prospects for including additional light colour triplets and anti-triplets in the spectrum of supersymmetric unified theories. We focus on a particular string-inspired Pati-Salam model, and propose a simple mechanism by which a light colour triplet of charge -1/3 plus anti-triplet of charge 1/3, may have a mass of order 200 GeV, with one of the new states having leptoquark couplings and with proton decay suppressed. We also discuss possible scenarios for gauge unification in such a model. We will perform our subsequent analysis in a general context, by exploring the implications of light coloured triplet fields in unified models which have as a low energy effective theory the MSSM spectrum augmented by the number of various kinds of triplet fields.
The recent HERA events [1, 2] have been followed by much theoretical speculation about leptoquarks [3] . If we accept that the excess of events reported at high -Q 2 is not a statistical fluctuation and future runs confirm their existence, it is clear that they are suggestive of new physics beyond the standard model (SM). In particular, assuming that the events occur at the s-channel, then the observed peak at definite large x-values is a distribution which corresponds to a mass determination of order O(200) GeV. The various theoretical explanations include contact interactions, R-parity violation and new coloured particles. In this letter, prompted by the above experimental findings at HERA, we discuss the prospects for incorporating light colour triplets with leptoquark couplings into unified models.
We will perform our subsequent analysis in a general context, by exploring the implications of light coloured triplet fields in unified models which have as a low energy effective theory the MSSM spectrum augmented by the number of various kinds of triplet fields.
In particular, we will study models which under certain natural conditions do allow the presence of such particles in the massless spectrum without causing any problems with the existing experiments while at the same time leave open exciting possibilities for future experimental searches. The motivation for such a general treatment is the following. We know very well that the theoretically appealing unification scenario is in excellent agreement with the MSSM spectrum. A). The basic superpotential couplings which result to the fermion masses in the MSSM are the following
where
), and e c = (1, 1, 1) are the left-handed quark and lepton superfields which transform under the standard model gauge group as shown and h 1,2 the standard higgses. φ 0 is a singlet which realises the higgs mixing. 1 In addition, one may add the following interactions
Supersymmetry demands that the scalar quark and lepton masses be at most of the order O(1) TeV. However, when both λ 5,6 couplings are present, there are graphs mediated by the scalar partners which lead to lepton number violation. On the other hand, the coexistence of λ 6,7 couplings leads to fast proton decay. For couplings involving the light generation, assuming a typical squark mass of 1 TeV, proton decay experimental limits give the following bound [5] 
This bound implies that at least one of the two Yukawa couplings should be unnaturally small. It is then natural to assume that due to a symmetry one of the two terms does not exist and the Yukawa coupling is identically zero. At the level of MSSM, a rather natural -4-symmetry which has been imposed is the so called R-parity. Under the latter, none of the terms in (2) is possible. 
and
where we have assumed that ν c is the right handed neutrino. As in case (A), if all terms of (4, 5) are present in the superpotential, the related Yukawa couplings should be unnaturally small in order to prevent fast proton decay. One important difference with the R-parity violating couplings (2) , is the appearance of the coupling λ 12D c u c e c . This coupling cannot appear with the SM spectrum since d-quark belongs to a left handed doublet. Note also that, with a suitable discrete symmetry it is possible to prevent one of W 1 , W 2 . There are other exciting possibilities of exotic quark states [3, 6] , which create couplings that might interpret the HERA data. In particular some of them allow only pe + -reaction to take place. This is in consistent with the fact that no events are observed in the pe − -mode. ii) Exotic states should be accomodated in higher representations.
iii) Since all of these new states carry colour, the new couplings should not lead to fast proton decay. In particular, symmetries imposed by hand in the above superpotential pieces are not always consistent with the unified gauge symmetry. To explain this, let us take SU (5) as an example. The term 1055 results in the following baryon violating couplings
Clearly one of them belongs to W 1 while the second to W 2 . Moreover, they arise from the same coupling, thus λ 10 = λ 11 . When both of them are combined, they create a proton decay diagram, thus, the colour triplet must be superheavy. Therefore, it is interesting to know if any particular GUT model, (or a class of models) can accommodate in its spectrum light colour states which avoid such problems.
D). Now we specialise to a particular model in which it is possible to satisfy all the constraints in (C). This is the string-inspired Pati-Salam model [9, 10] . Here we briefly summarise the parts of the model which are relevant for our analysis. The gauge group is,
The left-handed quarks and leptons are accommodated in the representations
The MSSM Higgs fields are contained in the following representations,
Under the symmetry breaking in Eq.12, the Higgs field h in Eq.8 splits into two Higgs doublets h 1 , h 2 whose neutral components subsequently develop weak scale VEVs, 
The neutral components of the Higgs fields are assumed to develop VEVs
leading to the symmetry breaking at M P S :
in the usual notation.
The high energy Higgs mechanism removes the H,H components u give these states a large mass one introduces a colour sextet superfield
where as before D c = (3, 1, ). We take the gauge invariant superpotential to have the form (dropping all coupling constants) fields considered above they also suggest the following SM representations.
These states have exotic charges. Both of them can be accommodated in representations of our gauge symmetry group. Indeed, assume the decomposition of the representation -10-Σ = (15, 2, 2).
However, if we stick in string motivated scenarios at k = 1 level [8] , these representations are not possible since they only arise in the adjoint of SU(4). Of course, at k = 2 Kac-Mody level they are possible. As an alternative, we may consider that such states may arise as bound states of smaller representations which bind together due to their properties under a hidden symmetry [12] , however, in this letter we will not elaborate this further.
G)
We now briefly discuss the problem of unification. It is known that the particle content of the MSSM allows the three gauge couplings to attain a common value at a high scale, of the order M U ∼ 10 16 GeV . The introduction of massless states beyond those of the minimal spectrum change drastically the evolution of the gauge couplings. Thus, if
we assume the existence of new (types of) quarks remaining massless down to the weak scale, in order that the idea of unification remains intact at some high scale additional contibutions to the beta functions are needed to compensate for the leptoquark pair and yield a correct prediction for the weak mixing angle. It is clear that if a colour triplet plus anti-triplet pair remains in the massless spectum this will alter both the unification scale and sin 2 θ W . In the context of the present model, we desire gauge unification at the string scale, rather than at M U , so some modification to the spectrum is required in any case.
A complete exhaustive study is clearly required to determine all possible solutions to the unification question in this model.
Perhaps the simplest unification scenario is one in which we introduce in addition to the To summarise, motivated by a possible leptoquark interpretation of the HERA events, we have discussed the prospects for including additional light colour triplets and antitriplets in the low energy spectrum of unified models. We have proposed a specific stringinspired Pati-Salam model which contains a mechanism for allowing low energy states which have leptoquark couplings, without inducing excessive proton decay, and outlined the kind of string symmetries which will forbid the correct combination of operators to allow this.
There are two possible scenarios:
(1) HHD 6 allowed (HHD 6 forbidden) leading to a lightD c + d couplings. However perhaps one should await further confirmation from HERA before proceeding along these lines. The main point we wish to make here is that it is possible to -12-have light colour triplets with leptoquark couplings in the framework of unified models.
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